An attempt is made to construct a crude field theory of hyperons and E particles, which are assumed to have spin -, and spin 0, respectively. The parity of A. is defined to be plus. Some preliminary experimental evidence is adduced in support of parity plus for Z. It is further argued that h. and Z are coupled to~with roughly the same coupling constant as in the~-E case, while the coupling of E to baryons is weaker.
A model of the strong couplings is suggested that incorporates these features. The very strong (VS) pion interactions are completely symmetrical in the baryons, and would leave them all degenerate in the absence of the moderately strong (MS) interactions of E. These last lead to the mass differences among baryons and to the production and absorption of E particles. The MS coupling constants must be determined by experiment, but the VS interactions are exactly specified.
With the MS couplings treated in lowest approximation, it is possible to relate any matrix element for E and hyperon reactions to a corresponding matrix element in the theory of nucleons and pions. Thus in the processes K+/~++A and E+p~m+2 it is expected that in the final state the analog of the (3/2, 3/2) resonance of the 7r -1V system will be observed.
It may be, as Wigner has suggested, that the equality of pion couplings for the baryons is somehow related to the conservation of baryons, and that the analogy with electromagnetic coupling is instructive. In studying the properties of mesons and baryons at one or two Bev, we may already be exploring a highly unfamiliar world, in which the characteristics of spacetime are altered, or causality is violated over short intervals, or particles are bound to one another with binding energies comparable to their masses to form apparently "elementary" systems.
Yet in constructing a detailed theory of the strong couplings, we encounter the difficulty that we have as yet no language except that of field theory in which to express ourselves; and the present language and methods of 6eld theory are surely not adequate to describe a really unfamiliar situation. In any case, there are grave doubts about the applicability of conventional local field theory to phenomena at energies greater than a Bev:
(1) If electrodynamics is used to make a crude calculation of I-p and ir' -ir' mass differences, a cutoff is indicated in the neighborhood of 1 Bev. '
(2) The consistency of strong-coupling local field theories at these energies (or lower) has been challenged by some physicists, who claim that negative probabilities are predicted.
(3) If a "fundamental length" really exists at which present concepts fail, it would be most natural to place it near the nucleon Compton wavelength, and to try, I R. P. Feynman and G. Speisman, Phys. Rev. 94, 500 (1954 conservation of angular momentum and the conservation of parity by the strong interactions then imply:
(1) U E is scalar and sH' has spin 0, the process E +He'-+ srs+ sH4 is forbidden.
(2) If E is pseudoscalar and sH' has spin 0, the process is fully allowed and the decay of qH4 is isotropic.
(3) If E is pseudoscalar and sH' has spin 1, the process is forbidden for E in an s state but may proceed from E in a p state; the decay has the distribution sin'8. If the E particles are not stopped, one should also observe a correlation between the E-particle direction of motion and the normal to the plane of m and~H4 motions, of the form cos'q.
(4) If E is scalar and sH' has spin 1, the process is allowed for E in an s state, with a cos'8 distribution for the decay, and also for E in a p state, with an essentially isotropic distribution of the decay when the E particles are stopped. If the E particles are not stopped, the decay is nonisotropic with respect to the direction of motion of E to the extent that p waves are involved.
The speculations of this section have led us to expect case (2) or possibly case (1).
III. A SIMPLE MODEL
Our arguments from experimental evidence are admittedly weak, but if we take them seriously they hint at a rather definite picture of the strong couplings, and this picture seems to have some intrinsic merit. We draw on our previous discussion for these two points:
( 
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For Z and A, since they are not isotopic spin doublets, we must resort to a trick. We define 7'-= (h. '-Z') /&2 and Zs= -(A'+Z')/W2 and then write the coupling (P=zT(Z+VsZ+ yo7, I o)zr +V2(Z+»V'zr++ I'ysZ+zr )) yzL(Zs»Zs -Z-~,Z-)~o +V2(Z'ysZ zr++Z yzZ'zr )), (6) which obviously treats (Z+, I") and (Z', Z ) on the same footing as we have treated (p, zz) and (Rs,~). If we now substitute for 7' and Z' their de6nitions in terms of Z' and A.', we 6nd at once that with g'/4zr=15. We may, however, still retain this general picture if the signs should turn out otherwise. Now the MS couplings of the E meson are harder to pin down since the requirement of asymmetry is a weaker one than that of symmetry. There are four constants to be determined: the coe%cients g~~a nd gzx defined in Eqs. (1) and (2) and the analogous coeScients hp~and kg~of the interactions (P«'= zT ysA-sg++ sysA'E')+Herm con. j., (11) ipzrc' = -zI ysZ'Z+ -'pe'Z'+v2 'ysZ+Z+ +v2 -ysZ -X')+Herm. conj. (12) We are supposing that E is pseudoscalar.
The mass di6erences" of the hyperons give important information about the MS coupling constants if our picture is correct. An investigation of this question will be described elsewhere.
Let us discuss here, however, some consequences of our theory of the pion couplings. The most striking feature, of course, is the global symmetry of the interaction. We must be careful, however, in using this symmetry to predict the results of experiments, since the MS interactions, and especially the rather large mass differences they induce, will often mask the symmetry of the VS couplings.
Nevertheless, let us be simple-minded and try a 6rst approximation in which baryon mass-diGerences are neglected and processes involving E mesons are described by taking the MS couplings as perturbations in the lowest order that gives an effect.
For example, take the processes E +p -+ zr+A and E +p~zr+Z. In our approximation they are described by matrix elements &~sling«so~, p+zg, (Z'»p+VZZ~,e) I p)
Since the VS interaction is to leave all the baryons degenerate, we must have g~= g =g&T he signs of g~a nd gg relative to g are now the only points at issue. They are physically important, since they determine the signs of, say, the second-order nuclear potentials acting between Z and N, E and ™,
etc. Yet they do not matter for the degeneracy of the baryons. On grounds of symmetry we shall suppose that they are both plus and that the VS interaction &~z 'I r'»p I p&). - (13) "If the mass differences are calculated in the lowest order of the MS couplings, it is found that (ms. +mg}/2= (3mz+ms}/4. Experimentally, the hrst quantity is about 190 Mev above the nucleon mass, while the second is about 235 Mev above it. This discrepancy may be small enough to account for by higher order effects, even with MS coupling constants of the order of unity. i300 MURRAY GELL -MANN Looking at our VS interaction LEqs. (2), (6), and (10)], we see that Z' and I" belong to different'worlds, so to speak. There is no US mechanism by which the operator P' can create a Z' particle, or vice versa.
Thus the third and fourth terms in (13) vanish in our approximation. For the 6rst two terms, we have another very simple result. Since our VS interaction couples the pion to the pair X+I" and to the pair Z'Z in exactly the same fashion as to the pair pn, we may write in our approximation (14) &~oz'I z'~, pI p)=&~'pI p~pI p).
We have reduced our problem of E-particle absorption essentially to a problem in the theory of pions and nucleons. The complete evaluation of the matrix elements for E absorption in terms of nucleon and pion matrix elements may be carried out in the same way.
I.et us comment here on some qualitative features.
First of all, we have two free parameters g~~a nd g~~, but it is to be hoped that experiments on Eparticle photoproduction will soon determine these. Moreover, arguments based on baryon mass differences and on E-particle scattering may already give us significant information, as will be discussed in subsequent work.
Next, we must be careful, even in our approximation, in saying that the matrix elements for E-particle processes are really predicted by our formulas. The matrix elements in the pion-nucleon theory to which they are referred are neither reliably calculated nor experimentally measured: the matrix elements describe situations that are not on the energy-shell for pion processes, and some of the matrix elements describe the absorption of a fictitious pion with I=O. Neverthe (1) The symmetry properties of the model may be correct even though the use of 6eld theory is unjusti6ed.
For this reason, an analysis purely in terms of the symmetry group of the theory is in order. It can be done in a mathematically elegant manner, but that approach has not been followed here for the sake of greater clarity.
(2) It is interesting to look at the speculations of Wigner" and Schwinger" and others about the connection between coupling constants and conservation laws. We are tempted strongly to say that the possession by all baryons of the same pionic coupling is associated with the conservation of baryons, just as the possession by charged particles of the same electromagnetic coupling is associated with conservation of charge. The analogy is not perfect, of course, since the quantity that is conserved microscopically is always a four-vector current density; in the case of electromagnetism, it is just this current density that is coupled to photons, while for the baryons it is a different, nonconserved pseudoscalar density that is coupled to the pions. Still, the analogy may have value.
On the basis of this analogy, Wigner" predicted in 1952 that all baryons would have the same coupling to the x 6eld.
( ' T. Kinoshita, Phys. Rev. 94, 1384 (1954 .
